Effects of morphine treatment and withdrawal on striatal and limbic monoaminergic activity and ascorbic acid oxidation in the rat.
Since ascorbic acid (AA) reportedly suppresses tolerance to and dependence on morphine in humans and rodents, levels of dopamine (DA), dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA), 3-methoxytyramine (3-MT), 5-hydroxytryptamine (5-HT), 5-hydroxyindoleacetic acid (5-HIAA), AA, dehydroascorbic acid (DHAA), uric acid, xanthine, hypoxanthine, glutamate and gamma-aminobutyric acid (GABA) were determined by high-pressure liquid chromatography (HPLC) in the striatum and in the limbic forebrain of the rat following morphine treatment (single or repeated) and withdrawal. Single morphine administration (20 mg/kg s.c.) increased DOPAC + HVA/DA, 5-HIAA/5-HT and DHAA/AA ratios, uric acid levels, and decreased xanthine, hypoxanthine, glutamate and GABA levels in both regions. 3-MT levels were decreased in the striatum and increased in the limbic forebrain. After 7 days of morphine treatment, striatal DOPAC + HVA/DA and DHAA/AA ratios and uric acid levels were still higher and striatal and limbic xanthine levels still lower than in controls, while all other parameters were in the range of control values in both regions. Morphine treatment also increased the glutamate/GABA ratio in the striatum. In all morphine-treated rats, individual striatal DOPAC + HVA/DA and DHAA/AA ratio values were directly correlated. After a 48 h withdrawal period, both striatal AA oxidation and glutamate/GABA ratio further increased; limbic 3-MT levels further decreased, while all other parameters did not differ from control values. We conclude that: (i) tolerance to morphine-induced increase in hypoxanthine, xanthine and AA oxidation develops in the limbic forebrain faster than in the striatum; (ii) the morphine-induced increase in striatal and limbic AA oxidation may be considered a consequence of increased formation of reactive oxygen species due to increased DA, hypoxanthine and xanthine oxidative metabolism; (iii) a striatal excitotoxic imbalance characterizes the withdrawal state and may be taken into account to explain the further increase in striatal AA oxidation.